Introduction
============

Despite the numerous benefits of physical activity for women, few women meet the recommended levels of physical activity \[[@ref1],[@ref2]\]. In fact, women in every age group self-report lower activity levels than men \[[@ref3]\]. Research has demonstrated that regular physical activity is associated with a reduced risk for chronic illnesses, such as type 2 diabetes, hypertension, and some cancers \[[@ref3]-[@ref8]\]. The Physical Activity Guidelines for Americans---2nd edition recommends that adults should engage in at least 150 to 300 min a week of moderate-intensity activity or 75 to 150 min a week of vigorous-intensity aerobic activity \[[@ref9]\]. Yet, self-reported surveys administered nationally show that only 49% of adults in the United States met these recommended minimum activity levels \[[@ref10]\]. Given that comparisons between self-report and accelerometer data demonstrate that people tend to overestimate their physical activity, the actual percentage of adults meeting minimum levels of activity is likely to be lower \[[@ref11]\].

Use of digital technologies such as mobile phone, apps, and activity trackers to encourage physical activity has gained popularity. The prevalence of mobile phone ownership has significantly increased, reaching 77% in the United States in 2015 \[[@ref12]\]. Similarly, the availability of activity trackers or accelerometers that connect with mobile phone health apps has also grown. According to a 2015 Pew Research Center survey, more than half of mobile phone users had downloaded a health app, with fitness and nutrition apps being the most common categories of health apps downloaded \[[@ref13]\].

Research has shown that mobile phone apps or activity trackers or accelerometers seem to improve physical activity and reduce sedentary behaviors, at least in the short term \[[@ref14]-[@ref17]\]; however, few clinical trials using digital technology--based interventions to increase physical activity have examined the sustainability of these interventions \[[@ref18]-[@ref21]\]. To help address this knowledge gap, we recently completed the mobile phone--based physical activity education program (mPED) study, a randomized controlled trial (RCT) designed to examine the efficacy of a 3-month mobile app and accelerometer-based physical activity intervention and a 6-month maintenance intervention for physically inactive women (see the study design in [Multimedia Appendix 1](#app1){ref-type="supplementary-material"}). The main outcomes of the trial have been previously published \[[@ref22]\]. In sum, subjects in the intervention (regular and plus) groups, compared with the control group, substantially increased their accelerometer-measured daily steps by an average net difference of 2060 steps per day at 3 months (95% CI 1296-2825) and 1360 steps per day at 9 months (95% CI 694-2026) and a net difference of moderate-to-vigorous physical activity of 18.2 min per day at 3 months (95% CI 10.9-25.4) and 8.4 min per day at 9 months (95% CI 2.0-14.9). In the plus group, who kept the trial app and accelerometer for an additional 6 months, there were no additional improvements in physical activity compared with the regular group who kept only the accelerometer \[[@ref22]\]. Within the control group, the participants significantly increased their physical activity levels (approximately 1000 steps per day) from baseline through 9 months. To explore the experience of continuing physical activity once the study digital technologies were removed from participants, we conducted a telephone interview at 12 months with women who completed the mPED trial to see if their activity level changed after the final 9-month research office visit and the reasons why participants did or did not continue to engage in physical activity. Therefore, the aim of this paper was to explore physically inactive women's experiences and perspectives on participating in and continuing to engage in physical activity after the 9-month visit.

Methods
=======

Study Design and Sample
-----------------------

We used qualitative description to elicit participants' experiences and perspectives of their engagement during the mPED trial and after the 9-month final office visit \[[@ref23],[@ref24]\]. Participants were interviewed through phone using a quantitative survey and qualitative interview (open-ended questions) at 12 months. The study protocol was approved by the University of California, San Francisco, Committee on Human Research and the mPED Data and Safety Monitoring Board. Detailed descriptions of the study design and outcomes have been previously published \[[@ref15],[@ref22],[@ref25],[@ref26]\]. In short, physically inactive women aged 25 to 69 years were recruited from the San Francisco Bay Area between May 2011 and April 2014. The Social Cognitive Theory \[[@ref27]\] and the Stages of Change Model (SCM) \[[@ref28]\] were used to guide the design of the trial, and the SCM was also used to identify participants who were in the *contemplation* or *preparation* stages of behavior change (ie, an appropriate target study population for the intervention). During the telephone screening, research staff assessed participants' behavior change readiness (*contemplation or preparation*).

In brief, the mPED trial was an unblinded, parallel RCT conducted with 3 groups (control, regular, and plus groups; see [Multimedia Appendix 1](#app1){ref-type="supplementary-material"}). The trial consisted of a 3-week run-in period, a 3-month intervention period, and a 6-month maintenance period. The control group was asked to use an Omron Active Style Pro HJA-350IT (Omron Healthcare) accelerometer to record and store physical activity every day for the entire 9-month study period but did not receive any physical activity intervention. In contrast, the regular and plus groups received the identical physical activity intervention, consisting of an accelerometer, brief in-person counseling sessions, and the mPED trial app for the first 3 months. The mPED trial app developed by the research team has 2 main functions: (1) a daily message or video clip and (2) a daily diary. The trial app provided each participant's weekly daily step goals, which were set to increase at a 20% rate from each study participant's average baseline daily steps. Once daily step goals reached 10,000 steps, the study participant was asked to maintain at least 10,000 steps per day, 7 days a week during the remaining study period. Personalized automated feedback was provided daily via the mPED trial app. In addition, in the 6-month maintenance period, the plus group kept using both the mPED trial app and accelerometer, whereas the regular group kept using only the accelerometer. In this trial, the research team used the term *pedometer*, instead of accelerometer, to the study participants.

Procedures for the 12-Month Data Collection
-------------------------------------------

At the 9-month visit, all participants returned all research equipment, including accelerometers and study mobile phones (if any) to the research office. If the study app was installed on their mobile phones, the research staff removed the study app. Participants were encouraged to purchase an activity tracker, if they reported that they did not have one, using the US \$40 compensation for their time. At the end of the 9-month visit, all participants scheduled a 12-month follow-up telephone interview and then received a text, an email, or a telephone call to confirm their 12-month telephone interview appointment. The 12-month interview consists of 2 parts: (1) a survey and (2) a semistructured interview using open-ended questions (see [Multimedia Appendix 2](#app2){ref-type="supplementary-material"}). Owing to the need to have a sufficient sample for the survey, all 203 participants were interviewed quantitatively and qualitatively. The interviews were conducted over the telephone by research assistants trained in both interviewing techniques \[[@ref29]\]. Interviews were digitally recorded and transcribed verbatim by a professional transcriptionist. The average length of the semistructured interviews was 18 (SD 6) min, ranging from 7 to 41 min.

Analytic Strategy
-----------------

Transcribed interview data were imported into ATLAS.ti 8.0 to assist in qualitative data analysis. Alphanumeric identifiers were used to ensure participant confidentiality, and audio files were kept on a secure device in a locked drawer in the research office. A total of 3 researchers reviewed 10 transcripts to inductively develop the initial codebook based on the answers provided to the research questions. Overall, 10 interviews were chosen because some of the interviews were relatively short, and the normally recommended number of 3 interviews was too small to sufficiently capture emerging codes \[[@ref30]\]. After reviewing and comparing codes for how well the codes were capturing the perspectives of the participants, agreement on the coding scheme was achieved. Overall, 15% (30/203) of the transcripts were doubled coded, with 90% intercoder agreement. One researcher then coded the rest of the interviews for consistency. The 3 investigators reviewed the coding weekly within and across all interviews and discussed emerging commonalities. As the trial was effective in improving physical activity outcomes \[[@ref22]\], we presented the qualitative interview data between the control versus intervention (regular and plus) groups. Constant and collaborative reviewing of data led to collapsing and grouping of codes into broader categories reflective of emerging themes that were evident across all 3 research groups \[[@ref30]\]. Although theory development was not a goal, we sought more conceptual parsimony in the themes than in the descriptions \[[@ref31]\]. Further examination, merging, connecting, and refining of codes within themes allowed for clarification of meaning and identification of patterns and relationships among the themes. Quotes associated with collapsed categories were then examined collectively by the research team to clarify broader themes across all groups (see [Multimedia Appendix 2](#app2){ref-type="supplementary-material"}) and determine which best described the final themes. For the survey data, descriptive statistics were used with the significance level set at *P*\<.05. As there was no statistical difference in the physical activity outcomes between the 2 intervention (regular and plus) groups \[[@ref22]\], the 2 intervention groups were combined in this paper.

Results
=======

Quantitative Findings
---------------------

Overall, 96.7% (203/210) of the mPED trial participants completed the 12-month phone interview. The baseline characteristics in the sample of 203 participants did not differ from the 7 nonparticipants (*P*\>.05). Baseline demographics are presented in [Table 1](#table1){ref-type="table"}. Mean participant age was 52.6 (SD 11.0) years, 56.7% (115/203) self-identified as non-Hispanic white, 74.4% (151/203) had a full- or part-time job, and 74.9% (152/203) completed 4 years of college. There was no difference in baseline characteristics between the control and intervention groups (*P*\>.05).

At 12 months, 67.2 % (90/134) of participants in the intervention group and 51.5% (35/69) of participants in the control group reported that they owned a pedometer or activity tracker (*P*=.03), whereas 49.3% (66/134) of participants in the intervention group and 26% (18/69) of participants in the control group reported that they regularly wore the pedometer or activity tracker (*P*=.002; [Table 2](#table2){ref-type="table"}). In response to the question "Has your physical activity been more, less, or about the same compared with the first 9 months of the study?," a significantly higher proportion of participants in the control group, compared with the intervention group, reported engaging in more physical activity from 9 to 12 months (*P*=.001). However, a greater proportion of participants in the intervention group engaged in more brisk walking compared with the control group (*P*=.001).

###### 

Baseline demographics of mobile phone--based physical activity education participants who completed the 12-month interview.

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Characteristics                                          Total (N=203)                                      Control (n=69)   Intervention (regular and plus groups; n=134)   *P* value    
  -------------------------------------------------------- -------------------------------------------------- ---------------- ----------------------------------------------- ------------ ---
  Age (years), mean (SD)                                   52.6 (11.0)                                        52.0 (9.9)       52.8 (11.5)                                     .66          

  **Race and ethnicity, n (%)**                            .46                                                                                                                              

  \                                                        African American                                   16 (7.9)         3 (4)                                           8 (6.0)      \

  \                                                        Hispanic or Latino                                 11 (5.4)         3 (4)                                           8 (6.0)      \

  \                                                        Asian                                              41 (20.2)        13 (18)                                         28 (20.9)    \

  \                                                        White (non-Hispanic)                               115 (56.7)       36 (52)                                         79 (59.0)    \

                                                           More than 1 race                                   20 (9.9)         9 (13)                                          11 (8.2)     \

  **Education, n (%)**                                     .14                                                                                                                              

  \                                                        Completed high school or some college coursework   51 (25.1)        23 (33)                                         28 (20.9)    \

  \                                                        Completed college (4 years)                        83 (40.9)        24 (34)                                         59 (44.0)    \

  \                                                        Completed graduate school                          69 (34.0)        22 (31)                                         47 (35.1)    \

  **Annual household income (US \$; before tax), n (%)**   .66                                                                                                                              

  \                                                        \<40,000                                           31 (15.3)        13 (18)                                         18 (13.4)    \

  \                                                        40,001-75,000                                      49 (24.1)        14 (20)                                         35 (26.1)    \

  \                                                        \>75,000                                           107 (52.7)       36 (52)                                         71 (53.0)    \

  \                                                        Decline to state or do not know                    16 (7.9)         6 (8)                                           10 (7.5)     \

  **Marital status, n (%)**                                .24                                                                                                                              

  \                                                        Never married, divorced, or widowed                97 (47.8)        29 (42)                                         68 (50.7)    \

  \                                                        Currently married or cohabitating                  106 (52.2)       40 (58)                                         66 (49.3)    \

  **Employment, n (%)**                                    .14                                                                                                                              

  \                                                        Employed for pay (full or part time)               151 (74.4)       47 (68)                                         104 (77.6)   \

  \                                                        Retried or unemployed or homemaker                 52 (25.6)        22 (31)                                         30 (22.4)    \

  **Living with a child (children), n (%)**                .17                                                                                                                              

  \                                                        Yes                                                50 (24.6)        21 (30)                                         29 (21.6)    \

  Body mass index (kg/m^2^), mean (SD)                     29.9 (6.2)                                         30.4 (5)         29.6 (6.2)                                      .46          
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

###### 

Comparison of app and pedometer use and self-reported physical activity between control and intervention groups.

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Survey questions                                                                                                                                        Overall (N=203), n (%)                          Control (n=69), n (%)   Intervention (regular and plus; n=134), n (%)   Overall *P* value   
  ------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------- ----------------------- ----------------------------------------------- ------------------- ------
  Do you currently have a health-related mobile application? (yes)                                                                                        84 (42.0)                                       29 (42)                 55 (41.7)                                       .89                 

  Do you currently wear a pedometer? (yes)                                                                                                                84 (41.4)                                       18 (26)                 66 (49.3)                                       .002                

  Do you have your own pedometer? (yes)^a^                                                                                                                125 (61.9)                                      35 (51)                 90 (67.2)                                       .03                 

  **Reasons for not purchasing a pedometer after the study visit^b^**                                                                                     n=77                                            n=33                    n=44                                            N/A^c^              

  \                                                                                                                                                       Still planning to purchase or keep looking      31 (40)                 13 (39)                                         18 (53)             N/A

  \                                                                                                                                                       Too expensive or financial difficulty           17 (22)                 2 (6)                                           15 (44)             N/A

  \                                                                                                                                                       Use app or phone or be able to estimate steps   9 (12)                  4 (12)                                          5 (15)              N/A

  \                                                                                                                                                       Do not help or do not like                      8 (10)                  6 (18)                                          2 (6)               N/A

  \                                                                                                                                                       Technology challenging or not accurate          6 (8)                   4 (12)                                          2 (6)               N/A

  \                                                                                                                                                       Has one somewhere or has not set up             6 (8)                   5 (15)                                          1 (3)               N/A

  \                                                                                                                                                       Other                                           6 (8)                   2 (6)                                           4 (12)              N/A

  **Since your 9-month visit, what types of exercise have you engaged in to be physically active? (multiple choice question)^d^**                         n=203                                           n=69                    n=134                                           N/A                 

  \                                                                                                                                                       Walking                                         126 (62.1)              49 (71)                                         77 (57.5)           .06

  \                                                                                                                                                       Brisk walking                                   94 (46.3)               21 (30)                                         73 (54.5)           .001

                                                                                                                                                          Yoga                                            20 (9.9)                3 (4)                                           17 (12.7)           .06

  \                                                                                                                                                       Hiking                                          15 (7.4)                5 (7)                                           10 (7.5)            .96

  \                                                                                                                                                       Gardening or yard work                          16 (7.9)                7 (10)                                          9 (6.7)             .39

  \                                                                                                                                                       Cycling                                         19 (9.4)                7 (10)                                          12 (9.0)            .78

  \                                                                                                                                                       Other                                           110 (54.2)              39 (56)                                         71 (53.0)           .77

  **Since your 9-month study visit, has your physical activity been more, less, or about the same (compared with the first 9 months of the study)?^e^**   n=203                                           n=69                    n=134                                           N/A                 

  \                                                                                                                                                       About the same                                  66 (32.5)               27 (39)                                         39 (29.1)           .001

  \                                                                                                                                                       More                                            64 (31.5)               29 (42)                                         35 (26.1)           .001

  \                                                                                                                                                       Less                                            73 (36.0)               13 (18)                                         60 (44.8)           .001

  **Top 3 reasons for being less active after the 9-month visit (multiple choice question)^f^**                                                           n=73                                            n=13                    n=60                                            N/A                 

  \                                                                                                                                                       Study ended                                     20 (28)                 0 (0)                                           20 (33)             N/A

  \                                                                                                                                                       Lack of time                                    20 (28)                 4 (31)                                          16 (27)             N/A

  \                                                                                                                                                       Did not have a pedometer                        12 (16)                 2 (15)                                          10 (17)             N/A
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

^a^Missing 1 participant.

^b^Total N=77, control n=33, intervention n=34.

^c^N/A: not applicable.

^d^N=203 but some subjects answered more than once.

^e^N=203.

^f^Total N=73, control n=13, intervention n=60.

Qualitative Findings
--------------------

Overall, participants, regardless of group, appeared to like participating in the trial itself and enjoyed interacting with the research team. Although not all aspects of the study program were addressed in the 12-month interview, participants talked about their experiences with these digital technologies (pedometers and the mobile phone app), increasing their physical activity and challenges in maintaining physical activity. A total of 6 conceptual themes, such as tracking, technology versus personal touch, accountability, environment and resources, motivation, and habit formation, emerged from the data. [Multimedia Appendix 2](#app2){ref-type="supplementary-material"} shows commonalities and small differences between the 2 groups in their experiences of participating in the study and perspectives on maintaining physical activity and motivation poststudy. These themes connect with the survey data reported above.

Tracking
--------

Participants in all groups talked a lot about the importance of tracking or keeping track of one's activity to remain motivated:

> There is something about keeping track because it is very difficult to discipline yourself, the whole thing is to get to a new habit.
>
> ID 1060, control, age 50 years

Wearing a pedometer was seen as the primary method for tracking by both control and intervention groups as it allowed for one to "check how many steps I walked in one day" \[ID 1003, plus, age 33 years\].

Two subthemes emerged from participants discussion of tracking: self-awareness (internal tracking) and tracking by others (external tracking).

### Self-Awareness

Knowing how many steps the participant had taken was also seen as a mechanism of self-awareness as 1 woman in the control group clearly articulated:

> I learned how physically inactive I was prior to the study (And how did you learn that?) Just by tracking those steps and seeing\...I work remotely so when you're at home and you are doing 1000 steps a day, that sounds like a lot, you know. You don't know. And then as time progresses you realize that you didn't even go to the driveway and back for a thousand steps, that it's just barely nothing. I just think I was more conscious of being physical active, more physically active\...because I had the pedometer on, and it kept me conscious of what I was doing.
>
> ID 1238, control, age 57 years

For some, having a pedometer provided the needed tracking information as it alerted them to the number of steps they had taken that day so that if they had missed the mark (or the expected goal) they could work to increase their steps before bedtime:

> In the evening when I text that I haven't been doing much activity or anything, I will walk until I hit a certain goal or until I am tired and then I will stop and go to bed.
>
> ID 1063, control, age 65 years

Others looked at the pedometer's tracking ability to get a sense of how well they have done over the course of a week rather than a daily reminder:

> I would like the pedometer to keep track of my activity. The daily tracking was boring. What I like about the pedometer is that I could see my previous activity. That I like. So, I know if it is a good week or a bad week and then I will make up the difference in the following week.
>
> ID 1083, plus, age 44 years

However, for some participants, self-awareness and pedometer tracking were not enough to maintain their increased level of physical activity, and they desired external tracking.

### Tracking by Others

Additional tracking was needed by some participants to encourage them to keep up their physical activity. Although the intervention group discussed this theme more than the control group, participants from both groups talked about the importance of tracking by someone else. This tracking came through having to *report in* to the research team the number of steps per day through either the download of pedometer data (control group) or the research designed app (intervention group). A woman in the control group stated the following:

> I like reporting into you. I like reporting my success. It was validation. I like getting validated\...I felt value. And I also got validated that each time I was measured and weighed that I was a success.
>
> ID 1291, control, age 59 years

An intervention participant remarked that she "actually liked having to report my steps every day on the phone. I would have liked doing that every day" (ID 1078, regular, age 68 years).

Intervention participants received feedback after reporting in their steps via the phone app. Feedback included praise for meeting their step goals or encouragement to do better in the coming days. One participant noted:

> \[I realized\] how much I needed someone monitoring what I am doing. How, honestly, I could see the difference when I went from being in the group where you reported every night to being in the group that was set free and you only recorded when you went to the soft tablet. That really did make a difference, the daily check-ins, as intrusive as it seems, they were really a factor \[in keeping me active\].
>
> ID 1113, regular, age 55 years

Tracking was closely linked to participants' discussion about technology versus personal touch. Pedometers were mechanisms of tracking, and reporting one's steps required engaging with a human researcher, both of which were important components of tracking.

Technology Versus Personal Touch
--------------------------------

Both control and intervention groups spoke about the importance of technology and personal touch in engaging in physical activity. What was evident in the data was that some embraced the technology. As 1 control participant advised others:

> Get a pedometer and, you know, get one with an application attached to it. That you know, it does encourage you to get the steps, and get some physical activity.
>
> ID 1166, control, age 60 years

Others are more technology adverse, as 1 intervention participant stated:

> The cell phone was especially bad for me because I turned into one of those people that's always looking at their phones\...The phone made me somewhat antisocial and dehumanized me.
>
> ID 1013, plus, age 66 years

Regardless of their attitude toward technology, 41% (28/69) of the control group stated in their interviews that they liked the pedometer, and 39% (52/134) of the intervention group mentioned that they liked the pedometer and the app, finding them useful in helping them to keep walking. Women in the control group spoke exclusively about the pedometer as that was the only technology they received. Furthermore, 1 control participant statement reflected many others:

> I liked having the pedometer. Being able to see even the little bit of activity, like oh walking to the printer or walking across the street to grab lunch, it all adds up.
>
> ID 1182, control, age 39 years

Some women from both groups complained about the size or bulkiness of the pedometer, whereas others found having to wear it daily irritating:

> I don't like wearing a pedometer\...it was just like, kind of a pain in the butt, kind of thing. It was just annoying, like, putting it on every day and that kind of thing.
>
> ID 1191, control, age 39

Although the intervention group demonstrated similar perspectives about the pedometer, they also discussed the app provided by the study. As 1 participant noted, the app had both positive and negative aspects:

> The app---there were some days that it felt like a really harsh \... supervisor, you know, like, it'd be 8:00pm and I'd think "Oh, I gotta enter that information! And I haven't done my exercises yet." I'd feel guilty. But I don't see that as a bad thing. You know, somebody's gotta be the task master, ya know, and that helped me be my own.
>
> ID 1245, regular, age 49 years

The app provided external tracking (having to check-in via the app), feedback, and encouragement, which work well for the majority of study participants. Although the control group spoke about monitoring their steps in general, only the intervention group discussed reaching their step goals. Yet, the pedometer (especially for the control group) and the app were not perceived as only technology. There was also a person (a research team member) on the other end monitoring their steps. Women from both groups explicitly stated that they liked or needed to be able to talk to someone, to reach out to someone who was tracking their steps and to whom they would be accountable, which is why this study design worked for them. Although the control group only met with research team members periodically to download their pedometer readings, be measured, and complete survey tools, they also talked about the importance of the personal interactions in keeping them active. As 1 person noted:

> I actually liked the check in, coming in and interacting with you. That was encouraging.
>
> ID 1039, control, age 61 years

Discussions about tracking via technology or personal touch reflect the importance of accountability in both initiating physical activity within the study and maintaining it poststudy.

Accountability
--------------

Participants from both groups used the word *accountability* or *being accountable* frequently. *Accountability* involved *having responsibility for* setting a goal and then being held accountable for reaching it. The study itself had built-in accountability, but it varied by group. The control group talked about being held accountable to the research team when they had to come in every study visit and download pedometer data, be measured, and complete questionnaires:

> I liked that I could discuss with you and others that worked there and discussed these issues, for the support, measurement itself, and ask questions that I had about this issue. It created some motivation for me.
>
> ID 1077, control, age 59 years

On the contrary, the intervention group talked about the accountability established through reporting daily steps via the app and getting immediate feedback as well as being measured every study visit. Most participants felt that they needed to be held accountable to increase their daily steps. As 1 person noted:

> As time goes on you tend to get on to other things, so having something that I am kind of accountable for, makes a difference to me. I work better under accountability, just kind of keeping on track. If I was doing this myself, I could easily get lazy.
>
> ID 1115, plus, age 57 years

Several participants from both groups indicated that the reason they signed up for the study was the *accountability factor*, which they felt they needed to *get motivated* and *get moving*:

> I loved being in the study. I really did. You motivated me to walk more. But also, I really loved knowing that somebody had my back. You know. That I was accountable to somebody for my walking. And that makes a big difference for me. It was hard for me letting go of that pedometer. I almost cried. But I really miss it.
>
> ID 1165, control, age 59 years

Engaging in the study also generated a sense of responsibility to do their best to achieve good results:

> The study provided a way for checks and balances. You had to be true to yourself because you were trying to do well for the study. I wanted the study to be successful and I wanted to fulfill my agreement to do it to the best of my ability. So sometimes I could be out there walking from 8-9 pm because I haven't finished my steps. So, I felt a responsibility about it. I liked it. I could be in the study forever and I'd be happy.
>
> ID 1091, plus, age 68 years

Accountability could be internal, being accountable to one's self, or external, being accountable to others, such as the research team, friends, or family. For some, having an accurate pedometer was sufficient to *take accountability of your own life*. As 1 person stated:

> The accountability. You know, you wear the pedometer every day and it's going to tell the truth regardless and so it makes you want to do better, you know, walk more and perform better, even if it's just a number.
>
> ID 1162, regular, age 51 years

Others, however, seemed to need more external accountability, knowing that they had to report their steps to someone else held them accountable:

> The external reinforcement---I liked having the pedometer and having external motivation. I liked being embarrassed if I had to tell you I hadn't done anything that day.
>
> ID 1053, plus, age 66 years

Having to *check-in* with someone was a critical aspect of external accountability.

Resources and Environment
-------------------------

In talking about what supports or inhibits their continued physical activity, the environment and resources emerged as an underlying issue. In this theme, we saw a clear difference between the control and intervention groups. Control group participants discussed the fact that they did not receive the same resources as the intervention group, and they were not happy about it:

> I felt that I was in the control group and I sort of wished that I had more assistance with exercise information, you know. Information not just support, umm, emotional or psychological support, but yeah support in terms of information.
>
> ID 1224, control, age 59 years

Intervention participants discussed the resources provided by the study in the form of opportunities for walking or exercise groups and information about other forms of exercise. Indeed, some participants bemoaned the loss of this information although it was available if one searched various websites. Participants liked the convenience of a 1-stop resource repository. This resource was important for participants' ability to find or create walking groups or buddies to enhance their accountability and sustain physical activity.

Embedded in their discussion of resources were barriers to maintain physical activity poststudy. Consistent with the quantitative data, the 2 main barriers addressed were money and time. Although most agreed that having a pedometer helps in tracking and accountability, not everyone bought one after returning the study pedometer at the end of 9 months.

Money also played a significant role in acquiring a pedometer poststudy, as 1 control participant noted:

> I really wanted to buy a new pedometer, but I didn't have money to do it.
>
> ID 1165, control, age 59 years

Although some participants had sufficient income to join a gym or find a personal trainer, most did not, opting to continue walking on their own.

The biggest resource that was lacking was time, and this perspective is consistent with the 12-month survey where lack of time was one of the top 3 reasons for not engaging in physical activity. Although committing time to actively engage in the study was a responsibility participants embraced, once the study was complete, finding time to be active became an issue. The interaction between time and money was addressed as a major problem:

> I think that time is still my number one enemy in this regard. Time and money---because we have a great gym nearby, but I can't really afford a membership. But being able to go somewhere for ½ an hour, in a safe space, as opposed to walking outside at night, would definitely improve my activity levels.
>
> ID 1253, regular, age 34 years

The environment was positively addressed by both groups when talking about the beauty of the physical environment and how it enhanced their walking experience:

> I often used my walk to look around, and enjoy looking at people's gardens, or enjoy the architecture, or the scenery, or whatever is out there, looking for things.
>
> ID 1165, control, age 59 years

Although a few spoke of issues of safety within the environment, especially walking at night, the physical environment was not as critical to their continued engagement in physical activity. Although resources and environment underpin the themes of tracking, technology versus personal touch, and accountability, they also frame discussions about what motivates engagement in physical activity.

Motivation
----------

Motivation or being motivated was mentioned frequently across both control and intervention groups. Finding motivation was seen as critical to initiate physically active and important to keep one engaged once the study was complete, even if the motivation process was elusive:

> So, just find whatever can motivate you, \[use\] tools or programs that kind of keep track of that. Because it so easy to just fall back and say "Oh, I'm just going to watch TV."
>
> ID 1115, plus, age 57 years

Tracking, technology, and accountability play important roles in motivation. Control participants highlighted the importance of wearing a pedometer in and of itself in their motivation to be active as it allowed self-tracking and self-accountability. For the intervention group, using pedometers and apps to track, encourage, and assess progress increased their motivation. Participants in both groups commented that the tracking provided by the pedometer and accountability to the study team was important to maintaining their activity.

Conversely, others talked about what either did not motivate them or what reduced motivation once the study tools were returned at 9 months. Unexpectedly, 1 person noted that the technology used in the study was not a motivator:

> I was not motivated by the pedometer. You know because that's the primary reason why I wanted to participate \[in the study\]. I felt that wearing the pedometer and looking at the number every day, it would be \[a\] motivating factor for me to make the number increase and it was not.
>
> ID 1127, control, age 41 years

However, others remarked that the loss of the pedometer and the external accountability had a negative impact on their motivation poststudy:

> I think giving up the pedometer and knowing that I never had to come back and be measured and everything. I think that just sort of took away my motivation.
>
> ID 1078, regular, age 68 years

Tracking, via technology and personal touch, and accountability were more critical to sustaining physical activity than motivation.

For some, getting a pedometer and tracking themselves seemed to be enough to keep them active. However, others really spoke about the need to create some form of external accountability and encouragement, a *force of accountability*. One of the most common advice for sustaining a walking regime was finding an *activity buddy*, such as a friend, a neighbor, a coworker, a family member, or an activity-focused group. For some, this meant having someone to walk with:

> Get a group of people together that are of the same mindset that are going to actually show up and participate, not by yourself. I think the hardest part of being active is doing it alone.
>
> ID 1182, control, age 39 years

Although others preferred to walk alone, they liked the idea of being accountable to someone else:

> If you can't have the mPED study then I think the idea of having a friend or someone that you are accountable to is good. You don't necessarily have to do it together.
>
> ID 1091, plus, age 68 years

In general, the ultimate goal of physical activity programs is to establish a routine or habit of physical activity. Although habit formation was not necessarily achieved by participants, it was discussed by some participants.

Habit Formation
---------------

Participants from both control and intervention groups discussed the goal of establishing a routine or habit, but more participants from the intervention group brought up this idea than control participants. One control participant talked about wanting to establish a habit but found it difficult:

> I learned that I guess that it's pretty easy to make the habit, but I still have problems of actually making the habit. So, I don't know, I don't know, you know you learn.
>
> ID 1268, control, age 62 years

Conversely another participant discussed how the tracking, technology, and accountability of the study helped her establish a habit or routine:

> I want to be a little more active, so that's what motivated me to join the study and I wanted \[it\] to help me establish a habit of moving. So, since I had to report daily or they are tracking me daily, so it helps me to establish a routine.
>
> ID 1129, control, age 52 years

Intervention participants situated their discussion about habit formation differently, demonstrating their synthesis of what they learned from the study about making changes and creating habits. One woman stated that she learned that developing a habit is difficult:

> Umm, that it takes a lot to change a habit. \...it took being conscious many times each day to actually become eventually conscious enough to just do it to have it become part of my routine instead of a big ordeal.
>
> ID 1072, plus, age 58 years

One woman talked about how making *small habitual changes* in activity can add up to more steps per day, whereas another woman addressed the importance of having a measuring tool in habit formation:

> The importance of forming a habit and for me the necessity of having a measuring device to motivate me to do it.
>
> ID 1187, regular, age 62 years

However, another woman who stated she had developed a habit of physical activity and no longer felt the need for a measuring tool:

> I already formed that habit and I know, uhh, now I use, I don't use steps. I use time. How much time I walked, so I know how many steps I might have walked, and I use time to increase my uhh, my physical activity.
>
> ID 1289, plus, age 56 years

Another lesson learned was that developing a habit of physical activity does not necessarily mean having to do it every day:

> What the study \[showed me is\] that, umm exercise habits can be developed. Part of my biggest thing before was that I don't think I'm able to do it, maintain some type of program or routine every day; and the study has totally changed that idea for me and at least I am going to maintain my walking. Probably not as rigorous as it should be but at least it's a big improvement for myself.
>
> ID 1151, regular, age 42 years

Finally, several women discussed the importance of having social support, through family and friends, to motivate them to develop a physical activity habit:

> Anything that can kind of motivate you. I got my sister on that walking telephone thing. She went out and bought a pedometer. And she way passed me. She is all over it now. Prior to that she didn't know what she was doing. And then she got the pedometer and it was like Okay. \... So umm, so just find whatever can motivated you, tools or programs that kind of keep track of that.
>
> ID 1115, plus, age 57 years

Discussion
==========

Principal Findings
------------------

Feedback from women's experiences and perspectives of physical activity after completing the mPED trial reflect complex interactions among internal and external factors. Although we previously reported on the efficacy of the 3-month and additional 6-month effects of a mobile phone app in conjunction with brief in-person counseling on physical activity \[[@ref22]\], participants at the 12-month interview spoke about the challenges of maintaining physical activity after the intervention technologies were removed \[[@ref14],[@ref21]\]. In the 12-month survey, one of the interesting findings was that a significantly higher proportion of participants in the intervention group, compared with the control group, reported engaging in less physical activity from 9 to 12 months. For the intervention group only, the major reason for being less active was that the study had ended. Yet, approximately half of the participants in the intervention group reported that they still regularly wore a pedometer or activity tracker and engaged in brisk walking after the trial ended, and this proportion was higher than in the control group.

These quantitative differences between the intervention and control groups from the 12-month survey results were supported by the findings of the qualitative interviews. The themes identified in this study as influencing women's continued engagement in physical activity were tracking, technology versus personal touch, accountability, resources and environment, motivation, and habit formation. Although motivation, resources, and accountability have been mentioned in other studies \[[@ref14],[@ref18],[@ref20]\], it is the interaction among all the themes that emerged as particularly important. Researchers have suggested that the factors leading to the adoption of physical activity in the short term are different from those needed to sustain physical activity over time \[[@ref32],[@ref33]\]. Study participants in this trial seemed to agree that what motivated them to start a physical activity program did not necessarily keep them active after completion of the study. The Physical Activity Maintenance Model \[[@ref33]\] suggests that goal setting, motivation, and self-efficacy, mediated by life stress and environment, influence physical activity maintenance. The qualitative data support motivation as an important element in physical activity maintenance and life stress in the form of lack of time and money and environmental resources as mediators of maintaining physical activity. However, self-efficacy did not emerge as a key aspect of maintaining physical activity postintervention. Although participants mentioned the importance of meeting goals, goal setting did not emerge from the interviews. As goal setting was a part of the intervention, participants may not have seen the need to specifically address it. Instead, tracking, both digital and human, and internal and external accountability are what kept participants engaged in physical activity over time.

The trial used the SCM as a framework for the study \[[@ref28]\] and posited that the intervention would take people in the contemplation or preparation stages and move them into the action and maintenance stages. Given the fact that all participants in the intervention and control groups increased their physical activity during the trial \[[@ref22]\], it is clear that the participants did move into the action stage. Although there was a slight reduction in steps at the end of the maintenance intervention, all the participants continued to engage in higher levels of physical activity compared with their baseline levels. However, reaching the termination stage where physical activity becomes a habit was more elusive, reflecting issues with resources and environment, motivation, and accountability. Both the 12-month survey and qualitative interview findings highlighted the difficulties of habit formation, which is the process by which regular physical activity becomes automatic and routine. However, some participants in the intervention group clearly applied some of the things they had learned during the first 3 months of the trial to successfully develop a physical activity habit or routine.

The findings of this study are also somewhat inconsistent with self-determination theory (SDT) \[[@ref34]\] often used by studies investigating exercise motivation. A systematic review of exercise, physical activity, and SDT demonstrated that intrinsic motivation, defined as doing an activity because of the satisfaction it brings, is more predictive of long-term exercise adherence than extrinsic motivation, which is predicated upon a desire for social reward to avoid disapproval \[[@ref34]\]. Consistent with the literature, being motivated or finding your motivation was seen as an important aspect of long-term sustainability of physical activity \[[@ref14],[@ref20]\]. Motivation was seen as an individual resource or need and that each person had to find what motivated them to continue engaging in physical activity. However, motivation was not central to their discussion of what kept them active poststudy. The interaction between tracking, technology versus personal touch, resources and environment, and accountability emerged as more critical to forming their physical activity habits over time.

In both groups, pedometers or activity trackers clearly provided a mechanism for keeping track of one's steps, providing for self-monitoring of ones' own physical activity \[[@ref35]\]. Being able to see how well they did over the course of the day or week and knowing whether they had reached their goal was helpful to those who bought and wore activity trackers. As such, tracking and technology interact to both encourage and measure physical activity. Indeed, this is what these technologies are designed for, namely promoting self-monitoring of physical activity. However, what was also evident in the data was the importance of the personal touch in tracking. Participants remarked on the importance of knowing that someone on the research team was keeping track of their steps, a form of external monitoring, reflecting a desire to meet research team members' expectations. Participants noted that they really missed having to report their steps to a study personnel and knowing that they could reach out and talk to a person as needed. This perceived value of both internal (supported by technology) and external tracking (supported through personal touch) is related to participants' feedback on the importance of accountability.

Being held accountable or the need for accountability was mentioned frequently by participants and therefore emerged as critical to both motivation and physical activity habit formation. Those who remarked on the value of physical activity trackers and the importance of internal motivation also indicated that one had to be self-accountable. Use of tracking technology provided the means to determine if one had met one's goals, thereby keeping oneself accountable. However, many of the participants struggled with lack of accountability at the end of the 9-month maintenance intervention, regardless of whether they owned a pedometer or not. The removal of the intervention technology, while problematic for some, was less of an issue than the absence of external tracking by research staff. Many participants remarked that not having the external monitoring made them less accountable and took away motivation. Participants also sought out external trackers in the form of activity buddies or walking groups or even family and friends to remain accountable. This need to be accountable to others is consistent with other research exploring exercise adherence in older adults \[[@ref19],[@ref21],[@ref36]\]. Although internal and external accountability are not synonymous with intrinsic or extrinsic motivation, participants in this study revealed that contrary to SDT studies \[[@ref34]\], external accountability was necessary for continued engagement in physical activity.

Underpinning the participants' discussions about sustaining physical activity was the importance of access to and use of resources within their social, economic, and physical environment. Limited economic resources impacted some participants who seemed to struggle a bit more with sustaining their physical activity. Although the participants were encouraged to purchase a pedometer (if they did not have one), budgetary constraints impacted some participants' ability to purchase a pedometer, whereas others did not perceive the need to buy one. Research has shown that walkability, often measured using built-in environment features such as sidewalks and street connectivity, predicts walking patterns and physical activity \[[@ref37]-[@ref39]\]. Although we did not ask about the physical environment, we expected this to emerge as a reason for not walking. However, participants remarked that the wealth of environmental walking resources available encouraged them to walk and gave them a chance to see the beauty of their neighborhoods.

The resource that was most important and seemed in shortest supply was time. This finding emerged from both the 12-month survey and the qualitative interview and is consistent with research that shows that time scarcity reduces physical activity \[[@ref40]\]. Some participants noted that you had to make time or find time to walk or exercise, and most indicated that they committed the time for the sake of the study; but once the study ended, their busy lives took over, and walking or activity time was no longer a priority. The intersection of lack of time and money was also addressed by some of the participants. The need to make money superseded finding time to walk, and both time and money have been addressed in previous research on adherence to exercise among middle-aged women \[[@ref14],[@ref21],[@ref40]\]. Participants generally found the time to engage in physical activity to fulfill their commitment to the study, but this was not enough to keep them fully engaged poststudy.

Strengths and Limitations
-------------------------

One of the strengths of the study was an excellent retention rate at 12 months. Overall, 97% (203/210) of the randomized participants in the mPED trial were interviewed and analyzed in this qualitative study, enhancing the credibility of the findings. Although interviews lasted, on average, only 18 min, sufficient data were generated to saturate the themes. All interview transcripts were quality checked for accuracy, and the dual coding of 15% (30/203) of the transcripts to achieve 90% agreement enhanced dependability. The qualitative analysis was supported by the quantitative findings from the survey, enhancing confirmability \[[@ref41],[@ref42]\].

Despite these strengths, there are limitations to this study. As the digital technologies used by the trial to measure physical activity in the form of steps per day had been removed from the participants at 9-months, we relied on participants' self-perception of their physical activity postintervention, which is subject to bias. Transferability of the findings of this study may be limited because of the unique social and environmental factors present in the San Francisco Bay Area. In addition, the study participants were women; therefore, these findings may be applicable to men and children.

Conclusions and Implications
----------------------------

Both the 12-month survey and qualitative interview findings highlight the experiences and perspectives of physically inactive women who participated in the mPED trial. As the 12-month survey did not objectively measure participants steps for the last 3 months of the study, we cannot determine the maintenance of physical activity at 12 months. However, a higher proportion of the participants in the intervention group reported regular wearing of the pedometer and more brisk walking than the control group, indicating continued engagement in physical activity. Tracking via technology and personal touch and accountability emerged as central factors in initiating and maintaining activity over time. Resources, in the form of time and money, supported or impeded continued engagement in physical activity and habit formation. Digital technology, especially in the form of activity trackers, is moving faster than research, providing more opportunities to harness this dynamic interactive process in promoting and forming physical activity habits among inactive women.
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